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(57) ABSTRACT

A fuel cell system includes a fuel cell including at least one
unit cell having an anode, an anode-side flow channel for
supplying a fuel to the anode, a cathode, and a cathode-side
flow channel for supplying an oxidant to the cathode. The fuel
cell system further includes a gas-liquid separator for cata-
Iytically purifying the effluent from the anode and the effluent
from the cathode to collect liquid. The gas-liquid separator is
connected to an anode-side discharge path for the effluent and
a cathode-side discharge path for the effluent, which are in
fluid communication with a fuel outlet of the anode-side flow
channel and an oxidant outlet of the cathode-side flow chan-
nel, respectively.
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1
FUEL CELL SYSTEM

FIELD OF THE INVENTION

The present invention relates to a fuel cell system, and,
more particularly, to a gas-liquid separator included in the
fuel cell system.

BACKGROUND OF THE INVENTION

Fuel cell systems include stationary ones such as cogen-
eration fuel cell systems and non-stationary ones for use in
portable electronic devices, electric vehicles, etc. Non-sta-
tionary fuel cell systems have been proposed recently and
direct-type fuel cells, in particular, are receiving attention as
ubiquitous mobile power sources that do not need charging,
for example, from an AC adapter. Currently, active research
and development of direct-type fuel cells is underway.

In direct-oxidation-type fuel cells, a fuel is directly sup-
plied to the anode. The oxidation reaction of the fuel occurs in
the anode, while the reduction reaction of oxygen takes place
in the cathode. In the case of direct methanol fuel cells using
methanol as the fuel, the reaction formulas are as follows.

Anode: CH;OHAH,0—CO,+6H e o)

Cathode: 3/20,+6H"+e”—3H,0 2)

As shown by the formula (1), the anode reaction requires
water. When water and a fuel are supplied from outside a fuel
cell system, they are stored in a water cartridge and a fuel
tank. Thus, additional space is necessary, thereby resulting in
adecrease in energy density. It is therefore common in a direct
methanol fuel cell to collect and reuse part of the water
produced in the cathode (as shown by the formula (2)) in its
fuel cell system.

Further, there has been proposed, for example, a circula-
tion-type fuel cell system. In this fuel cell system, not only
water but also anode and cathode effluents (which contain
unreacted fuel, produced water, etc.) are collected, and the
collected effluents are mixed with a high concentration fuel in
a fuel tank. The resulting fuel mixture of a predetermined fuel
concentration is reused to generate power.

Also, in order to reduce the size and weight of fuel cells and
operate them longer, a fuel cell system of “fuel non-circula-
tion (complete consumption)/water circulation (recovery)
type” has been proposed (e.g., see Japanese Laid-Open Patent
Publication No. 2005-25959 (Document 1)). The basic con-
cept of such fuel cell systems is to bring the supply amount of
afuel of a predetermined concentration as close to the amount
of the fuel consumed by power generation as possible, and
collect/reuse water without reusing the fuel.

In the fuel cell system of Document 1, in order to prevent
harmful substances from being discharged from the fuel cell
system, unreacted fuel discharged from the anode is purified
with a purifying device or transported to the cathode side,
whereby the unreacted fuel is purified inside the power gen-
eration section of a fuel cell and purified with a purifying
device disposed on the cathode outlet side. However, the
catalytic purification inside the power generation section of
the fuel cell causes a significant decrease in power generating
characteristics.

Besides the above-mentioned proposals, various proposals
have been made to prevent harmful substances from being
discharged from fuel cell systems. For example, Japanese
Laid-Open Patent Publication No. 2005-293974 (Document
2) proposes a fuel cell system of fuel circulation/water circu-
lation type including a gas-liquid separating means and a
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harmful-substance collecting means (adsorbent such as acti-
vated carbon or zeolite), in order to efficiently collect harmful
substances produced by power generation and prevent them
from being discharged to outside.

Japanese Laid-Open Patent Publication No. 2005-183014
(Document 3) proposes a fuel cell system including a gas-
liquid separator that selectively allows gas components in
anode and cathode effluents to pass through, and a harmful-
substance removal filter with a catalyst that oxidizes the
passed gas components for combustion.

However, these related art documents merely propose
means for preventing dispersion of harmful substances con-
tained in gas components of effluents from fuel cells and
means for purifying the harmful substances in the gas com-
ponents. These related art documents do not have the concept
of catalytically puritying all the effluents containing gas and
liquid from the anode and cathode of a fuel cell and collecting
water. That is, in related art, gas components discharged from
fuel cells are catalytically purified and simply discarded to
outside as steam, i.e., they are not effectively reused.

Further, in these related art documents, the liquid collected
by the gas-liquid separator undesirably contains fuel. Thus,
the fuel concentration in the liquid in the gas-liquid separator
varies, thereby resulting in a decrease in power generation
stability of the fuel cell system.

It is therefore an object of the present invention to effec-
tively utilize effluents containing gas and liquid from the
anode and cathode of a fuel cell and provide a fuel cell system
with excellent power generation stability.

BRIEF SUMMARY OF THE INVENTION

In order to solve the problems as described above, the
present invention provides a fuel cell system including: a fuel
cell including at least one unit cell; a fuel supply path and an
oxidant supply path; an anode-side discharge path and a cath-
ode-side discharge path; and a gas-liquid separator. The unit
cell includes an anode, an anode-side flow channel for sup-
plying a fuel to the anode, a cathode, and a cathode-side flow
channel for supplying an oxidant to the cathode.

The fuel supply path and the oxidant supply path are pro-
vided for supplying the fuel and the oxidant to the anode-side
flow channel and the cathode-side flow channel, respectively.

The anode-side discharge path and the cathode-side dis-
charge path are provided for discharging an effluent from the
anode and an effluent from the cathode, respectively. The
anode-side discharge path and the cathode-side discharge
path are in fluid communication with a fuel outlet of the
anode-side flow channel and an oxidant outlet of the cathode-
side flow channel, respectively.

The gas-liquid separator is provided for catalytically puri-
fying the effluent from the anode and the effluent from the
cathode in order to collect liquid, and is connected to the
anode-side discharge path and the cathode-side discharge
path.

Preferably, the gas-liquid separator has a condenser for
condensing the effluents and the condenser controls the con-
centration of the fuel contained in the liquid collected by the
gas-liquid separator. More preferably, the concentration of
the fuel contained in the liquid collected by the gas-liquid
separator is controlled at 0.1 mol/L or less.

In the fuel cell system, the fuel and the liquid collected by
the gas-liquid separator are preferably supplied to the anode-
side flow channel.

Preferably, the fuel cell system of the present invention
further includes a flow rate controller which controls the
concentration of the fuel supplied to the anode by controlling
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the ratio of the flow rate of the fuel supplied to the anode-side
flow channel per unit time to the flow rate of the liquid
collected by the gas-liquid separator supplied to the anode-
side flow channel per unit time.

In the fuel cell system, it is preferable that the condenser
include an upper laminate and a lower laminate. The upper
laminate includes a first catalyst layer, a first porous layer, and
a gas-liquid separating membrane. The lower laminate
includes a second porous layer and a second catalyst layer.
The effluents from the anode and the cathode are passed
through the upper laminate and the lower laminate in order to
catalytically purify the effluents to collect liquid.

Further, in the fuel cell system of the present invention, the
condenser preferably has a water absorber.

While the novel features of the invention are set forth
particularly in the appended claims, the invention, both as to
organization and content, will be better understood and
appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction
with the drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a schematic view of the structure of a fuel cell
system according to one embodiment of the present inven-
tion;

FIG. 2 is a schematic cross-sectional view of the structure
of a gas-liquid separator included in the fuel cell system of
FIG. 1,

FIG. 3 is a schematic view of the structure of a fuel cell
system according to another embodiment of the present
invention; and

FIG. 4 is a schematic cross-sectional view of the structure
of'a unit cell of a fuel cell included in the fuel cell system of
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

Preferable embodiments of the present invention are here-
inafter described with reference to drawings. In the following
description, the same or equivalent element is given the same
reference character, and an explanation thereof may be omit-
ted to avoid repetition.

FIG. 1 shows the structure of a fuel cell system according
to one embodiment of the present invention, and FIG. 2 is a
schematic cross-sectional view of the structure of a gas-liquid
separator included in the fuel cell system of FIG. 1.

As illustrated in FIG. 1, the fuel cell system of this embodi-
ment includes a fuel cell 11 and a gas-liquid separator 1. The
fuel cell 11 includes an anode 17, an anode-side flow channel
17a for supplying a fuel to the anode 17, a cathode 19, and a
cathode-side flow channel 194 for supplying an oxidant to the
cathode 19. The gas-liquid separator 1 is connected to a fuel
outlet 175 of the anode-side flow channel 17a and an oxidant
outlet 195 of the cathode-side flow channel 194, and catalyti-
cally purifies effluents from the anode 17 and the cathode 19
to collect liquid. Specifically, the gas-liquid separator 1 is
connected to an anode-side discharge path 17¢ for discharg-
ing the effluent from the anode and a cathode-side discharge
path 19¢ for discharging the effluent from the cathode. The
anode-side discharge path 17¢ communicates with the fuel
outlet 176 of the anode-side flow channel 174, while the
cathode-side discharge path 19¢ communicates with the oxi-
dant outlet 195 of the cathode-side flow channel 19a.

In the fuel cell system of the present invention, unreacted
fuel and reaction by-products contained in the effluents (gas
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and liquid components) from the anode 17 and the cathode 19
of the fuel cell 11 are catalytically purified, and water is
collected. That is, a nature of the present invention lies in a
new power generation system of fuel non-circulation (com-
plete consumption)/water circulation (recovery) type, the
basic concept of which is to collect/reuse water without reus-
ing fuel.

Since the fuel cell system of the present invention is
equipped with the gas-liquid separator, it is possible not only
to catalytically purify unreacted fuel and reaction by-prod-
ucts contained in gas and liquid components discharged from
the fuel cell but also to collect water as a result of the catalytic
purification. It is thus possible to secure water necessary for
power generation and prevent harmful substances from being
released to outside. Also, since the catalytic purification is not
performed inside the fuel cell, the power generating charac-
teristics do not degrade. As used herein, “effluent” contains
gas and liquid components discharged from the anode and
cathode of the fuel cell, for example, unreacted fuel, reaction
by-products, produced water, etc.

In this fuel cell system, a fuel of a predetermined concen-
tration in a fuel tank 12 and the collected liquid in the gas-
liquid separator 1 are supplied into a mixing tank 15 at pre-
determined flow rates by using a liquid supply pump 14 and a
liquid supply pump 13, respectively. The dilute fuel homoge-
neously mixed in the mixing tank 15 (fuel mixture) is directly
supplied to the anode 17 of the fuel cell 11 through a fuel
supply path 20 by using a liquid supply pump 16. The amount
of' the fuel supplied to the anode 17 is preferably setto 1.1 to
2.2 times the amount consumed by power generation.

Subsequently, by using an air pump 18, air is supplied to
the cathode 19 of the fuel cell 11 through an oxidant supply
path 21 to start power generation of the fuel cell 11. All the
effluents (gas and liquid components) from the anode 17 and
the cathode 19 of the fuel cell 11 as a result of power genera-
tion are introduced into the gas-liquid separator 1, where
unreacted fuel and reaction by-products are catalytically puri-
fied and water is collected. Carbon dioxide produced by
power generation and catalytic purification is released into
the atmosphere together with air.

Referring now to FIG. 2, the structure of the gas-liquid
separator 1, which is a characteristic of the fuel cell system of
the present invention, is described.

The gas-liquid separator 1 catalytically purifies harmful
substances in gas and liquid components discharged from the
fuel cell and collects water. In the present invention, the
gas-liquid separator 1 preferably has a condenser for con-
densing the effluents. This condenser has a catalytic purifica-
tion function, and the condenser controls the concentration of
the fuel contained in the collected liquid.

The gas-liquid separator 1 having the catalytic purification
function can be composed of, for example, a housing 2 with
anopen top and a condenser 1a. Since the gas-liquid separator
has the condenser, variations in the concentration of the fuel
in the liquid collected by the gas-liquid separator can be
reduced. As a result, the concentration of the fuel directly
supplied to the fuel cell can be controlled constant, so that
degradation of power generation stability caused by fuel con-
centration variations can be suppressed.

As illustrated in FIG. 2, the condenser 1a preferably has an
upper laminate (first condenser) 7 and a lower laminate (sec-
ond condenser) 8, with a space (gas-liquid separation cham-
ber 3) interposed between the upper laminate 7 and the lower
laminate 8. That is, a second housing 254, which is open on
both ends thereof, is preferably disposed between the upper
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laminate 7 and the lower laminate 8 so that the upper laminate
7 is opposed to the lower laminate 8 with the space interposed
therebetween.

The upper laminate 7 includes a first catalyst layer 5a, a
pair of first porous layers 6a sandwiching the first catalyst
layer 5a, and a pair of gas-liquid separating membranes 4
sandwiching the first porous layers 6a. Also, the lower lami-
nate 8 includes a second catalyst layer 56 and a pair of second
porous layers 65 sandwiching the second catalyst layer 54.

Further, between the housing 2 and the gas-liquid separa-
tion chamber 3 is a water absorber 10, which absorbs the
water contained in the effluents (i.e., water produced by cata-
lytic combustion reaction, etc.) and transports it into a water
reservoir 9 on the bottom of the housing 2 in a more reliable
manner.

The effluents from the anode 17 and the cathode 19 are
introduced into the gas-liquid separation chamber 3 from side
faces of the gas-liquid separator 1. Of the effluents, gas com-
ponents pass through the gas-liquid separating membrane 4,
the first porous layer 64, and the first catalyst layer 5a sequen-
tially (the direction shown by the arrow X), so that they are
catalytically purified. Water produced by the reaction is trans-
ported through the water absorber 10 into the water reservoir
9. Also, carbon dioxide produced by power generation and
catalytic purification further passes through the first porous
layer 6a and the gas-liquid separating membrane 4 sequen-
tially, and is released into the atmosphere from an opening 2a
together with air.

Of the effluents, liquid components pass through the sec-
ond porous layer 65 and the second catalyst layer 54 (the
direction shown by the arrow Y), so that they are catalytically
purified. Water produced by power generation and catalytic
purification is transported through the second porous layer 65
and the water absorber 10 into the water reservoir 9.

That is, the gas components discharged from the fuel cell
pass through the first gas-liquid separating membrane of the
upper laminate, diffuse through the first porous layer, and are
evenly supplied to the first catalyst layer. In the first catalyst
layer, the unreacted fuel and reaction by-products in the gas
components are catalytically purified, so that water is col-
lected. The carbon dioxide produced by power generation and
catalytic purification is promptly released into the atmo-
sphere together with air. The liquid components diffuse
through the second porous layer of the lower laminate and are
evenly supplied to the second catalyst layer. In the second
catalyst layer, the unreacted fuel and reaction by-products in
the liquid components are catalytically purified, so that water
is collected. Hence, since the condenser has the upper lami-
nate including the first catalyst layer, the first porous layers,
and the gas-liquid separating membranes and the lower lami-
nate including the second porous layers and the second cata-
lyst layer, it is possible to secure water necessary for power
generation without releasing harmful substances to outside.

In the fuel cell system of the present invention, the water
absorber is preferably disposed around the condenser, as
illustrated in FIG. 2. With this structure, water produced by
catalytic purification can be absorbed and promptly trans-
ported into the water reservoir in the gas-liquid separator. It is
thus possible to secure water necessary for power generation
while suppressing a decrease in catalytic purification rate due
to accumulation of water.

Further, the concentration of the fuel contained in the liquid
collected by the gas-liquid separator is preferably controlled
at 0.1 mol/L or less. In this way, by adjusting the concentra-
tion of the fuel contained in the collected liquid, variations in
the concentration of the fuel directly supplied to the fuel cell
are dramatically reduced, so that it is possible to provide a fuel
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cell system with excellent power generation stability. In par-
ticular, by operating the fuel cell system of the present inven-
tion such that the amount of fuel supply is as close to the
amount consumed by power generation as possible, it is pos-
sible to significantly reduce the amount of unreacted fuel and
reaction by-products contained in the effluent introduced
from the anode into the gas-liquid separator. It is thus possible
to control the concentration of the fuel in the collected liquid
at 0.1 mol/L or less.

The gas-liquid separating membrane 4 can be, for example,
a water-repellent porous sheet made of fluorocarbon resin
such as polytetrafluoroethylene (PTFE).

The catalyst contained in the first catalyst layer 5a and the
second catalyst layer 55 is preferably a catalyst containing
platinum or a platinum alloy. For example, when the catalyst
contains platinum, the catalyst may be composed only of
platinum or may contain platinum and at least one metal
selected from the group consisting of platinum-group metals
(ruthenium, rhodium, palladium, osmium, and iridium),
cobalt, iron, titanium, gold, silver, chromium, manganese,
molybdenum, tungsten, aluminum, silicon, rhenium, zinc,
and tin.

An example of platinum alloys is an alloy of platinum and
at least one metal selected from the group consisting of plati-
num-group metals other than platinum (ruthenium, rhodium,
palladium, osmium, and iridium), cobalt, iron, titanium, gold,
silver, chromium, manganese, molybdenum, tungsten, alumi-
num, silicon, rhenium, zinc, and tin.

The catalyst of the first catalyst layer 5a and the catalyst of
the second catalyst layer 56 may be the same or different.

The first porous layers 6a and the second porous layers 65
may be made of any material if it can support the first catalyst
layer 5a and the second catalyst layer 56 while allowing the
effluents (gas and liquid components) from the fuel cell 11 to
diffuse therethrough. The first porous layers and the second
porous layers may be made of, for example, a porous carbon
material such as carbon cloth or carbon paper.

The first porous layers 6a and the second porous layers 65
may be made of the same material or different materials.

The water absorber 10 may be made of any material if it can
absorb water and promptly transport it into the water reservoir
9. The water absorber 10 can be formed of, for example, a
capillary resin material such as cotton. In order to transport
water toward the water reservoir 9 in a more reliable and
efficient manner, the water absorber 10 is preferably mounted
in the direction from the opening 2a of the housing 2 toward
the water reservoir 9, i.e., substantially parallel to the direc-
tion of the arrows X and Y.

In the gas-liquid separator 1 with the above-described
structure, the first catalyst layer 5a and the second catalyst
layer 56 can be prepared, for example, as follows. The first
catalyst layer 5a and the second catalyst layer 54 can be
formed by using an ink for forming the first catalyst layer and
an ink for forming the second catalyst layer, respectively. The
ink for forming the first catalyst layer and the ink for forming
the second catalyst layer can be prepared by mixing a catalyst
and a dispersion medium in such a ratio that the functions of
the first catalyst layer 5a and the second catalyst layer 54 can
be obtained. The dispersion medium used in these catalyst
inks preferably contains at least one selected from the group
consisting of water, methanol, ethanol, propanol, n-butyl
alcohol, isobutyl alcohol, sec-butyl alcohol, and tert-butyl
alcohol. These water and alcohols can be used singly or in
combination of two or more of them.

In forming the first catalyst layer Sa or the second catalyst
layer 55 by using the catalyst ink, the catalyst ink may be
directly applied onto the first porous layer 6a or the second
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porous layer 65 to form a catalyst layer (direct application
method). Alternatively, the catalyst ink may be applied onto a
substrate to form a catalyst layer and the catalyst layer may be
transferred on the first porous layer 6a or the second porous
layer 65 (indirect application method).

Examples of application methods of the catalyst ink
include screen printing, die coating, spraying, and ink jet
printing.

An example of indirect application methods is as follows:
the first catalyst layer 5a or the second catalyst layer 55 is
formed on a substrate made of polypropylene or polyethylene
terephthalate by the above-mentioned application method
and is heat transferred onto the first porous layer 6a or the
second porous layer 65.

The upper laminate 7 can be prepared by bonding the first
catalyst layer 5a thus formed, a pair of the first porous layers
6a sandwiching the first catalyst layer 5a, and a pair of the
gas-liquid separating membranes 4 sandwiching the first
porous layers 6a, for example, with adhesive or hot pressing.

The lower laminate 8 can be prepared by bonding the
second catalyst layer 55 thus formed and a pair of the second
porous layers 6a sandwiching the second catalyst layer 54, for
example, with adhesive or hot pressing.

In the fuel cell system of the present invention, the fuel and
the collected liquid are preferably supplied to the anode-side
flow channel. For example, as illustrated in FIG. 1, a fuel
mixture of the fuel from the fuel tank and the collected liquid
from the gas-liquid separator is preferably supplied to the fuel
cell. In this case, the concentration of the fuel directly sup-
plied to the fuel cell can be adjusted by adjusting the amount
of the fuel supplied from the fuel tank and the amount of the
collected liquid supplied from the gas-liquid separator, with-
out requiring feed back control by, for example, a fuel con-
centration detection sensor.

Referring now to FIG. 3, the fuel cell system having a flow
rate controller is described.

The fuel cell system of FIG. 3 is the same as the fuel cell
system of FIG. 1 except that it has a flow rate controller 31.
The flow rate controller 31 controls the concentration of the
fuel supplied to the anode by controlling the ratio of the flow
rate of the fuel supplied to the anode-side flow channel per
unit time to the flow rate of the liquid collected by the gas-
liquid separator supplied to the anode-side flow channel per
unit time.

The flow rate controller 31 is connected to the liquid supply
pumps 13 and 14 and controls the operation of these pumps to
adjust the flow rates of the collected liquid and the fuel. In this
way, due to the use of the flow rate controller 31, the ratio of
the flow rate of the fuel per unit time to the flow rate of the
collected liquid per unit time can be controlled constant. It is
thus possible to precisely adjust the amount of the fuel sup-
plied from the fuel tank to the fuel cell.

For example, when the flow rate controller is connected to
the liquid supply pumps, the flow rate controller is not par-
ticularly limited as long as it can control the flow rates of the
liquid supply pumps. The flow rate controller can be, for
example, an electronic circuit.

Next, the fuel cell 11 included in the fuel cell system of the
present invention is hereinafter described. The fuel cell 11
includes at least one unit cell including a membrane electrode
assembly (MEA) containing a proton (hydrogen ion) conduc-
tive polymer electrolyte and a pair of separators sandwiching
the membrane electrode assembly. FIG. 4 is a schematic
cross-sectional view of an exemplary basic structure of a unit
cell that can be used in the fuel cell 11 included in the fuel cell
system of the present invention. As illustrated in FIG. 4, a unit
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cell 100 includes a membrane electrode assembly 101 and a
pair of separators 116 sandwiching the membrane electrode
assembly 101.

As illustrated in FIG. 4, in the membrane electrode assem-
bly 101, a catalyst layer 112 is formed on each side of a
polymer electrolyte membrane 111 which selectively trans-
ports hydrogen ions. This is called a membrane catalyst layer
assembly. The catalyst layer 112 contains an electrode cata-
lyst prepared by placing a catalyst (e.g., platinum-group
metal catalyst) on a carbon powder and a hydrogen-ion con-
ductive polymer electrolyte. The polymer electrolyte mem-
brane 111 is typically a perfluorocarbon sulfonic acid poly-
mer electrolyte membrane (e.g., Nafion (trade name)
available from E.I. Dupont de Nemours and Company of
USA).

A gas diffusion layer 113 having both gas permeability and
electronic conductivity is formed on the outer side of each
catalyst layer 112 by using, for example, carbon paper or
carbon cloth subjected to a water-repellent treatment. The
catalyst layer 112 and the gas diffusion layer 113 combine to
form a gas diffusion electrode (anode or cathode) 114. The
unit cell 100 is composed of the membrane electrode assem-
bly 101, gaskets 115, and the pair of separators 116.

The gaskets 115 are fitted around the gas diffusion elec-
trodes so as to sandwich the polymer electrolyte membrane,
in order to prevent supplied fuel and oxidant gases from
leaking out or mixing together. These gaskets are integrally
combined with the gas diffusion electrodes and the polymer
electrolyte membrane in advance. It is noted that the assem-
bly of the gas diffusion electrodes, polymer electrolyte mem-
brane, and gaskets may be referred to as the membrane elec-
trode assembly.

The membrane electrode assembly 101 is sandwiched
between the pair of separators 116 in order to mechanically
fix the membrane electrode assembly 101. These separators
116 have flow channels (anode-side flow channel and cath-
ode-side flow channel) 117 at their positions in contact with
the membrane electrode assembly 101. Through these flow
channels, a fuel and an oxidant are supplied to the gas diffu-
sion electrodes (anode and cathode) 114, respectively, and
reaction products and unreacted fuel are discharged from the
electrode reaction sites to the outside of the electrodes.

As described above, the membrane electrode assembly 101
is fixed by the two separators 116, and power can be generated
by supplying a fuel to the flow channel 117 of one of the
separators 116 and an oxidant to the flow channel 117 of the
other separator 116. If necessary, a necessary number of unit
cells 100 may be connected in series or in parallel to form the
fuel cell 11 of FIG. 1.

It should be noted that the above-described representative
embodiments of the fuel cell system of the present invention
are not to be construed as limiting the present invention. For
example, the structure of the fuel cell is not limited to the
above embodiments, and various design changes are possible.

The fuel cell system of the present invention can directly
utilize methanol, dimethyl ether, or the like as the fuel without
reforming it into hydrogen, and is useful, for example, as the
power source for portable electronic devices, such as cellular
phones, personal digital assistants (PDA), notebook PCs, and
video cameras. Further, the fuel cell system of the present
invention is also applicable to power sources for electric
scooters, automobiles, etc.

Although the present invention has been described in terms
of'the presently preferred embodiments, it is to be understood
that such disclosure is not to be interpreted as limiting. Vari-
ous alterations and modifications will no doubt become
apparent to those skilled in the art to which the present inven-
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tion pertains, after having read the above disclosure. Accord-
ingly, it is intended that the appended claims be interpreted as
covering all alterations and modifications as fall within the
true spirit and scope of the invention.

The invention claimed is:

1. A fuel cell system comprising:

a fuel cell including at least one unit cell comprising an
anode, an anode-side flow channel for supplying a fuel
to said anode, a cathode, and a cathode-side flow channel
for supplying an oxidant to said cathode;

afuel supply path and an oxidant supply path for supplying
said fuel and said oxidant to said anode-side flow chan-
nel and said cathode-side flow channel, respectively;

an anode-side discharge path and a cathode-side discharge
path for discharging an effluent from said anode and an
effluent from said cathode, respectively, said anode-side
discharge path and said cathode-side discharge path
being in fluid communication with a fuel outlet of said
anode-side flow channel and an oxidant outlet of said
cathode-side flow channel, respectively; and

a gas-liquid separator for catalytically purifying said efflu-
ent from said anode and said effluent from said cathode
in order to collect liquid, said gas-liquid separator being
connected to said anode-side discharge path and said
cathode-side discharge path.

2. The fuel cell system in accordance with claim 1, wherein
said gas-liquid separator has a condenser for condensing said
effluents, and said condenser controls the concentration of
said fuel contained in said liquid collected by said gas-liquid
separator.

[
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3. The fuel cell system in accordance with claim 2, wherein
the concentration of said fuel contained in said liquid col-
lected by said gas-liquid separator is controlled at 0.1 mol/L.
or less.

4. The fuel cell system in accordance with claim 2,

wherein said condenser includes an upper laminate and a

lower laminate,

said upper laminate includes a first catalyst layer, a first

porous layer, and a gas-liquid separating membrane,

said lower laminate includes a second porous layer and a

second catalyst layer, and

said effluents from said anode and said cathode are passed

through said upper laminate and said lower laminate in
order to catalytically purify said effluents to collect liq-
uid.

5. The fuel cell system in accordance with claim 4, wherein
said condenser has a water absorber.

6. The fuel cell system in accordance with claim 1, wherein
said fuel and said liquid collected by said gas-liquid separator
are supplied to said anode-side flow channel.

7. The fuel cell system in accordance with claim 6, further
comprising a flow rate controller which controls the concen-
tration of said fuel supplied to said anode by controlling the
ratio of the flow rate of said fuel supplied to said anode-side
flow channel per unit time to the flow rate of said liquid
collected by said gas-liquid separator supplied to said anode-
side flow channel per unit time.
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